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Our aim was to investigate whether high-risk HPV (hrHPV) mRNA detection by PreTect HPV-Proofer can be used to stratify
hrHPV DNA-positive women of different cytology classes for risk of high-grade cervical intraepithelial neoplasia or worse (cer-
vical precancer or cancer, i.e., cervical intraepithelial neoplasia grade 2 or higher [>CIN2]). A total of 375 women participating
in population-based screening, with a GP5�/6�-PCR hrHPV DNA-positive cervical scrape with normal cytology (n � 202), bor-
derline or mild dyskaryosis (BMD) (n � 88), or moderate dyskaryosis or worse (>BMD) (n � 85), were enrolled. Cervical
scrapes were additionally subjected to HPV16/18/31/33/45 E6/E7 mRNA analysis by PreTect HPV-Proofer (mRNA test). Referral
and follow-up policies were based on cytology, hrHPV DNA, and mRNA testing. The primary study endpoint was the number of
>CIN2 detected within 3 years of follow-up. The mRNA positivity increased with the severity of cytological abnormality, rang-
ing from 32% (64/202) in hrHPV DNA-positive women with normal cytology to 47% (41/88) in BMD and 68% (58/85) in >BMD
groups (P < 0.01). Women with >CIN2 were more likely to test positive by mRNA test (63%) than women without evidence of
>CIN2 (32%; P < 0.01). A positive mRNA test result conferred an increased >CIN2 risk in hrHPV DNA-positive women with
normal cytology, i.e., 0.55 (95% confidence interval [95% CI], 0.34 to 0.76) in mRNA-positive versus 0.20 (95% CI, 0.07 to 0.33)
in mRNA-negative women. In hrHPV DNA-positive women with BMD or >BMD, the result of the mRNA test did not influence
the >CIN2 risk. In conclusion, mRNA testing by PreTect HPV-Proofer might be of value to select hrHPV DNA-positive women
with normal cytology in need of immediate referral for colposcopy.

To reduce the mortality and morbidity of cervical cancer, most
developed countries have adopted some form of cervical

screening using cytological examination of cervical smears. How-
ever, cervical cytology is known to display only a modest sensitiv-
ity for cervical precancer or cancer (i.e., cervical intraepithelial
neoplasia grade 2 or higher [�CIN2]) (3, 15).

Infection with high-risk human papillomavirus (hrHPV) has
been recognized as the necessary cause of cervical cancer (27, 44).
Recently, evidence has accumulated that a considerable improve-
ment of the effectiveness of cervical cancer screening can be
achieved by using hrHPV DNA testing as a primary screening tool.
hrHPV DNA testing has a higher sensitivity for �CIN2 and con-
sequently better protects against high-grade CIN and cervical can-
cer in the subsequent screening round than cytology (2, 8, 21, 29,
33, 35). This permits extension of the screening interval. None-
theless, hrHPV infections are rather common in a screened pop-
ulation and most are transient. In fact, the positive predictive
value (PPV) of an hrHPV test for �CIN2 is rather low (i.e., only a
small proportion of the women who test positive for hrHPV DNA
will have or develop �CIN2 lesions). It is therefore important to
consider alternative or supplementary testing methods in order to
limit unnecessary follow-up procedures for women with clinically
irrelevant, transient hrHPV infections.

In this context, reflex cytology has been advocated as a valuable
triage tool for hrHPV DNA-positive women. In population-based
screening programs, hrHPV-positive women with abnormal cy-

tology have a high risk of underlying �CIN2, but this does not
account for the up to 8% of the hrHPV-positive women with
normal cytology who also have or will develop �CIN2 (16, 34).
Thus, there is a need for biomarkers that allow stratification of
hrHPV-positive women with normal cytology for risk of �CIN2
or, alternatively, for biomarkers that can replace cytology as a
triage tool. As activity of the hrHPV oncogenes E6 and E7 is piv-
otal not only for the initiation but also for maintenance of the
malignant phenotype (48), demonstration of hrHPV E6/E7 tran-
scripts might be more specific than hrHPV DNA testing for detec-
tion of �CIN2. Transcript analysis is nowadays feasible on cervi-
cal scrapings because the introduction of liquid-based cytology
has resulted in collection media that preserve RNA sufficiently to
allow in vitro amplification and detection (13). The PreTect HPV-
Proofer assay (NorChip AS, Klokkarstua, Norway) has been de-
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veloped for hrHPV E6/E7 transcript analysis. This is a nucleic acid
sequence-based amplification (NASBA) (13)-based, isothermal,
RNA amplification method in a real-time format that detects
E6/E7 mRNA of the five hrHPV types (i.e., HPV16, -18, -31, -33,
and -45) that are the major types associated with cervical squa-
mous cell carcinomas and adenocarcinomas (17). Several studies
have investigated the PreTect HPV-Proofer assay on biopsy and
cervical scraping samples (14, 22, 24–26, 43) and showed that the
ratio of hrHPV E6/E7 mRNA positivity to hrHPV DNA positivity
increased along with the histological severity of dysplasia. This
suggests a higher specificity of this mRNA assay for high-grade
cervical lesions compared to HPV DNA assays. The clinical per-
formance of the PreTect HPV-Proofer test as a triage test for cy-
tology and/or HPV DNA testing has been determined in various
studies (4, 5, 10, 31, 32, 38, 39), but it has not yet been extensively
evaluated in women participating in population-based cervical
screening.

In the current study, we investigated whether hrHPV mRNA
detection by PreTect HPV-Proofer can be used as a reflex test to
stratify hrHPV DNA-positive women of different cytology classes
from a screening population for risk of �CIN2. Risk estimates of
mRNA testing per cytology class (i.e., normal cytology, borderline
or mild dyskaryosis [BMD], and severe dyskaryosis or worse
[�BMD]) were assessed and compared to those of (repeated)
HPV DNA testing and genotyping.

MATERIALS AND METHODS
Study subjects. Women were recruited among those who visited general
practitioner practices for a cervical smear in the greater Amsterdam area
in The Netherlands from January 2005 till March 2006. The target group
participated in a population-based cervical screening program in which
women between 30 and 60 years of age are invited for screening every 5
years. Exclusion criteria included a history of �CIN2 or abnormal cytol-
ogy in the preceding 2 years or hysterectomy. The resulting 13,401 women
were tested both by conventional cytology and by GP5�/6�-PCR for
hrHPV DNA presence. For the purpose of this study, we enrolled 238
hrHPV DNA-positive women among 6,555 consecutive women who had
normal cytology (Fig. 1). In addition, out of 266 consecutive women with
borderline or mild dyskaryosis (BMD), the 101 with a positive hrHPV
DNA test result were enrolled as well. Finally, we enrolled 91 hrHPV
DNA-positive women from 108 consecutive women with a cytological
outcome of �BMD (moderate dyskaryosis or worse, equaling high-grade

squamous intraepithelial lesion [HSIL]). The 430 hrHPV DNA-positive
women were subsequently subjected to hrHPV mRNA analysis by PreTect
HPV-Proofer (mRNA test). An invalid mRNA test result (i.e., negative for
both the housekeeping gene U1A and E6/E7 mRNA) was obtained for 36
enrolled women with normal cytology, 13 with BMD, and 6 with �BMD.
These 55 women were excluded, leaving a total of 375 hrHPV DNA-
positive women (median age, 35 years; range, 19 to 68 years), including
202 with normal cytology, 88 with BMD, and 85 with�BMD. Referral
strategy is depicted in Fig. 2. hrHPV DNA-positive women with �BMD
were immediately referred for colposcopy, and those with hrHPV DNA-
positive normal cytology and BMD at baseline were advised to have repeat
cytology, HPV DNA, and mRNA analyses at 6 and 18 months. At 6
months, women were referred for colposcopy if cytology was �BMD. For
women with BMD at baseline, colposcopy referral at 6 months was also
advised in case of repeat BMD cytology and a positive result of either HPV
test, i.e., HPV DNA positive or mRNA positive. At 18 months, women
were referred in case of �BMD cytology or a positive HPV DNA and/or
mRNA test result. Otherwise, women were recalled at the subsequent
screening round. Informed consent was obtained from all study partici-
pants, and this study followed the ethical guidelines of the medical center.

Specimen collection, preparation, and nucleic acid testing. Conven-
tional cytological smears were taken with a Cervex-Brush (Rovers, Oss,
The Netherlands) or a cytobrush. After the smear was made on a glass
slide, cervical scrapes were collected for hrHPV testing by placing the
brush in 5 ml universal collection medium (UCM) (Digene) (40). Pilot
studies suggested that this collection medium preserves RNA sufficiently
for successful NASBA analysis (data not shown). For GP5�/6�-PCR en-
zyme immunoassay analysis and subsequent genotyping for 14 high-risk
types (i.e., HPV16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66,
and -68), samples were processed and analyzed as described previously
(19, 41). For hrHPV DNA-positive samples, 1/10th of the specimen was
centrifuged at 3,000 � g for 10 min, and pellets were resuspended in 1 ml
NucliSENS lysis buffer (bioMérieux, Boxtel, The Netherlands). Total
RNA was extracted by the NucliSENS easyMAG procedure according to
the recommendations of the manufacturer (bioMérieux, Boxtel, The
Netherlands). Subsequently, PreTect HPV-Proofer analysis for HPV16/
18/31/33/45 E6/E7 mRNA was performed according to the manufactur-
er’s instructions (NorChip AS, Klokkarstua, Norway). The assay includes
detection of mRNA from the human U1 small nuclear ribonucleoprotein
(snRNP)-specific protein A (U1A) to monitor sample mRNA integrity.
The PreTect HPV-Proofer assay uses molecular beacon probes in three
real-time multiplex NASBA assays that run in parallel.

Cytology reading. Cervical smears were classified blinded for the HPV
testing results, according to the CISOE-A (national pro forma reporting

FIG 1 Flowchart study population. Flowchart of the GP5�/6�-PCR hrHPV-positive women who were enrolled in this study and baseline HPV mRNA results.
C�G�, a double-negative cytology (C�) and hrHPV DNA GP5�/6�-PCR (G�) test result at the last follow-up visit.

hrHPV E6/E7 mRNA Testing

July 2012 Volume 50 Number 7 jcm.asm.org 2391

http://jcm.asm.org


on composition, inflammation, squamous, other and endometrium, and
endocervical cylindrical epithelium, and adequacy) classification used in
The Netherlands. The results can be translated easily into the Bethesda
2001 classification (7). In the Bethesda classification, 2001 BMD equals
ASC-US/ASC-H/LSIL, and �BMD is equal to high-grade squamous in-
traepithelial lesion (HSIL).

Histology. Histological follow-up data were obtained from the coun-
trywide automated pathology registry (PALGA) within 3 years after base-
line analysis. Histological examination was done locally, and specimens
were classified as normal (CIN0), CIN1, CIN2, CIN3, or invasive cancer,
according to international criteria (1, 46).

Statistical analysis. The proportions of mRNA-positive samples at
baseline in hrHPV DNA-positive women with normal cytology, BMD,
and �BMD were compared using the chi-square test. The primary study
endpoint in this study was the number of histologically confirmed �CIN2
lesions detected within 3 years of follow-up. We used two outcome mea-
sures for absence of �CIN2. The first was the presence of histologically
confirmed CIN0/1. The second added a double-negative cytology and
hrHPV DNA test at the last follow-up visit in case no histology was avail-
able, since the risk of �CIN2 in this circumstance is extremely low (8, 9,
29, 36). Both outcome measures were used to calculate separately the
3-year risks (PPV) of �CIN2 after an mRNA result at baseline for hrHPV
DNA-positive women with normal cytology, BMD, and �BMD. Adjusted
�CIN2 risks, calculated using Kaplan-Meier analysis, were obtained by
adjusting for women who did not attend or only partially attended repeat
follow-up testing and women whose result had no defined endpoint. The
study focused on the calculation of PPV (�CIN2 risks) because of the aim

to study the potential application of the test as a positive triage tool to
select women for immediate referral for colposcopy. Given the skewed
study population, the denominators for sensitivity and specificity calcu-
lations are essentially unknown and therefore were not calculated.

�CIN2 risks of hrHPV DNA-positive women per cytology class were
calculated for mRNA testing and genotyping. The persistence of viral
nucleic acids was determined in the subset of women who had a second
test result 6 months later. �CIN2 risks were also calculated for 6-month
persistence of hrHPV DNA and RNA, defined as a positive test result at the
6-month visit for the same hrHPV type detected at baseline.

RESULTS

A flowchart of the hrHPV DNA-positive study population and the
baseline mRNA test results per cytology class are given in Fig. 1.
Among all enrolled women with normal cytology, 69.8% (141/
202) tested positive for DNA of at least one of the five HPV types
(i.e., HPV16, -18, -31, -33, and -45) included in the mRNA test.
This percentage was 64.8% (57/88) among enrolled women with
BMD and 78.8% (67/85) among enrolled women with �BMD.
The mRNA positivity increased with severity of cytological abnor-
mality and ranged from 32% (64/202) in normal cytology to 47%
(41/88) in BMD and 68% (58/85) in �BMD. This increase was
statistically significant (P � 0.01).

Among the 163 women testing positive by mRNA test at base-
line, HPV16 predominated and accounted for 74% (120/163),

FIG 2 Referral strategy. Flowchart of the referral strategy used in this study. hrHPV DNA-positive women with �BMD were immediately referred for
colposcopy, and those with hrHPV DNA-positive normal cytology and BMD at baseline were advised to have repeat cytology, HPV DNA, and mRNA
analyses at 6 and 18 months. At 6 months, women were referred for colposcopy if cytology was �BMD. For women with BMD at baseline, colposcopy
referral at 6 months was also advised in the event of repeat BMD cytology and a positive result of either HPV test, i.e., HPV DNA positive or mRNA
positive. At 18 months, women were referred in case of �BMD cytology or a positive HPV DNA and/or mRNA test result. Otherwise, women were recalled
at the subsequent screening round.
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followed by HPV18 (9%), HPV45 (7%), HPV33 (7%), and
HPV31 (5%). At baseline, the mRNA test showed a 92% (150/163)
type concordance with HPV DNA. Of the 13 discordant samples,
7 samples were found to have different HPV types at DNA and
mRNA levels among types HPV16, -18, -31, -33, and -45, and 6
samples positive with the mRNA test were found positive with
non-HPV16/18/31/33/45 type(s) with the DNA test.

Histology results were obtained from 159 women within 3
years of follow-up (Table 1). The median follow-up time for
women with histology-proven CIN0/1 was 10.8 months (range,
0.7 to 39.3 months) and 4.3 months (range, 0.2 to 37.6 months)
for women with �CIN2. The mRNA positivity increased with
severity of histological abnormality and ranged from 28% (10/36)
in CIN0/1 to 59% (24/41) in CIN2, 63% in CIN3 (50/79), and
100% (3/3) in squamous cell carcinoma (SCC). Women with
�CIN2 were more likely to test positive for mRNA at baseline
than those with CIN0/1 (63% versus 28%; P � 0.01). Among
HPV16 DNA-positive women, 88% (56/64) of �CIN2 and 42%
(5/12) of CIN0/1 were mRNA test positive, and 50% (19/38) of
�CIN2 and 40% (4/10) of CIN0/1 were mRNA test positive
among HPV18, -31, -33, and/or -45 DNA-positive women.

Of 216 women with no histological follow-up, 55 had normal
cytology and a negative hrHPV DNA test result at the last fol-
low-up visit. These HPV DNA-negative women with normal cy-
tology were considered as having no �CIN2 and were added to
those with a histological outcome in the calculations as shown in
Table 2. The median follow-up time for the total group of 91
women without evidence of �CIN2 was 17.2 months (range, 0.7
to 39.3 months). Twenty-nine (32%) of them had a positive base-
line mRNA test, a result which was also significantly lower than
the 63% of women with �CIN2 who had a positive mRNA test
(P � 0.01).

�CIN2 risk estimates of mRNA testing and genotyping are
depicted in Table 3. A positive mRNA test result in HPV DNA-
positive women with normal cytology revealed a 55% (95% CI, 34
to 76%) risk of �CIN2 in contrast to a risk of 20% (95% CI, 7 to

33%) among those testing mRNA negative. The �CIN2 risk esti-
mate of a positive mRNA test among HPV DNA-positive women
with normal cytology conferred a marginally, though not signifi-
cantly, increased risk over both the HPV16 DNA-positive test
(42% [95% CI, 22 to 63]) and the HPV16, -18, -31, -33, and/or -45
DNA-positive test (43% [95% CI, 28 to 58]). In hrHPV DNA-
positive women with BMD or �BMD, the result of the mRNA test
did not influence the �CIN2 risk.

DISCUSSION

In this study, we evaluated PreTect HPV-Proofer E6/E7 mRNA
assessment as a candidate triage tool to stratify hrHPV DNA-pos-
itive women of different cytology classes for the risk of high-grade
CIN or worse within 3 years of follow-up. Assessment per cytology
class revealed that PreTect HPV-Proofer is particularly of value for
hrHPV DNA-positive women with normal cytology given their
markedly increased risk of �CIN2 in case of a positive mRNA test
result.

Triage and/or follow-up strategies for hrHPV DNA-positive
women are important topics of current research given that refer-
ring all hrHPV DNA-positive women to colposcopy will result in
overdiagnosis, overtreatment, and high costs. Several triage sug-
gestions have been published, including (repeat) cytology, hrHPV
genotyping, hrHPV type-specific persistence analysis, viral load,
and p16 staining (6, 11, 18, 20, 28, 30, 34, 37, 42, 45, 47). This study
adds E6/E7 mRNA assessment to those suggestions.

In this study, a slightly higher risk of �CIN2 with mRNA assay
than with HPV genotyping for HPV16 or HPV16, -18, -31, -33,
and -45 was seen among HPV-DNA-positive women with normal
cytology. This suggests that the value of PreTect HPV-Proofer
mRNA analysis is not solely based on HPV type restriction but to
some extent is also related to mRNA detection, although the num-
bers in this study are too small to make fair conclusions. The
�CIN2 risk of a single positive mRNA test result in women with
normal cytology was similar to that for for women with normal
cytology having a positive hrHPV DNA test result at two consec-
utive visits 6 months apart. Although this estimate is based on a
very small sample size (n � 11 women), the crude �CIN2 risk

TABLE 1 mRNA test results at baseline stratified by cytology class and
histological outcome

Cytology Histology

No. (%) with mRNA status

mRNA� mRNA� Total

Normal CIN0/1 3 (20) 12 (80) 15 (100)
CIN2 8 (62) 5 (38) 13 (100)
CIN3 7 (50) 7 (50) 14 (100)
SCC

BMD CIN0/1 2 (14) 12 (86) 14 (100)
CIN2 5 (42) 7 (58) 12 (100)
CIN3 10 (63) 6 (37) 16 (100)
SCC

�BMD CIN0/1 5 (71) 2 (29) 7 (100)
CIN2 11 (69) 5 (31) 16 (100)
CIN3 33 (67) 16 (33) 49 (100)
SCC 3 (100) 0 (0) 3 (100)

All classes CIN0/1 10 (28) 26 (72) 36 (100)
CIN2 24 (59) 17 (41) 41 (100)
CIN3 50 (63) 29 (37) 79 (100)
SCC 3 (100) 0 (0) 3 (100)

TABLE 2 mRNA results at baseline stratified by cytology class and
clinical outcome

Cytology Histology

No. (%) with mRNA status

mRNA� mRNA� Total

Normal �CIN2 15 (56) 12 (44) 27 (100)
CIN0/1 or C�G�a 13 (23) 44 (77) 57 (100)
Total 28 (33) 56 (67) 84 (100)

BMD �CIN2 15 (54) 13 (46) 28 (100)
CIN0/1 or C�G� 11 (41) 16 (59) 27 (100)
Total 26 (47) 29 (53) 55 (100)

�BMD �CIN2 47 (69) 21 (31) 68 (100)
CIN0/1 or C�G� 5 (71) 2 (29) 7 (100)
Total 52 (69) 23 (31) 75 (100)

All classes �CIN2 77 (63) 46 (37) 123 (100)
CIN0/1 or C�G� 29 (32) 62 (68) 91 (100)
Total 106 (50) 108 (50) 214 (100)

a Either histologically confirmed CIN0/1 or a double-negative cytology (C�) and
hrHPV DNA GP5�/6�-PCR (G�) test result at the last follow-up visit.
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after a 6-month persistently positive hrHPV DNA test was 45%
(95% CI, 30 to 60) for women with normal cytology (data not
shown). This finding might suggest that the �CIN2 risk associ-
ated with a single positive mRNA test result (i.e., 0.55 [range, 0.34
to 0.76]) (Table 3) is in the same range as the risk conferred by a
6-month persistently positive hrHPV DNA test. A 6-month per-
sistently positive mRNA test, observed in 8 women with normal
cytology, conferred the highest risk of �CIN2 in women with
normal cytology, i.e., 63% (95% CI, 30 to 86).

A limitation of the mRNA test is its sensitivity for �CIN2 of
63% (77/123) among those with a positive DNA test. Our data
suggest that that PreTect HPV-Proofer assay misses slightly more
HPV18, -31, -33, and -45-associated �CIN2 than HPV16-associated
�CIN2. This finding may be related to differences in mRNA expres-
sion level of the different genotypes and/or differences in the sensitiv-
ities of the assay for detecting mRNA of the different genotypes.

Considering a �10% risk of CIN3 within the subsequent 2 or 3
years to warrant immediate colposcopic evaluation, and a 2% to
10% CIN3 risk to warrant repeat testing in a year, as exemplified
by Castle et al. (12), the results of the current study would indicate
that mRNA test-positive, HPV DNA-positive, cytologically nor-
mal women should be directly referred for colposcopy. The above
is based on the estimate that the CIN3 risk would be higher than
10% (11%; 7/64) even under the assumption that mRNA test-
positive women who were lost to follow-up in our study had no
CIN3. On the other hand, HPV DNA-positive, cytologically nor-
mal women who are mRNA test negative would still need to un-
dergo follow-up examinations. Even when assuming that none of
the mRNA test-negative, cytologically normal women who were
lost to follow-up had a CIN3, the risk of CIN3 among them would
be 5% (7/138). As �CIN3 risk for hrHPV DNA-positive women
with �BMD is high (39% [68/173]), direct referral for colposcopy
for this group remains warranted irrespective of the mRNA test
outcome (34). Nonetheless, in settings where cytology is lacking,
any mRNA test-positive women could be considered for direct
referral for colposcopy given the high risk of �CIN2, while those
hrHPV DNA-positive women who test negative with an mRNA
test should undergo follow-up examinations.

Expression of HPV E6/E7 mRNA was demonstrated in 43% of
hrHPV DNA-positive smears, and 92% of the double DNA/
mRNA-positive smears showed HPV type concordance. mRNA
test positivity increased with the severity of cytomorphological
abnormalities as well as the severity of CIN disease. These findings are
in line with those of previous studies (25, 43) and suggest that infec-
tions with HPV16, -18, -31, -33, and -45 coinciding with substantial
E6/E7 mRNA levels as detected by PreTect HPV-Proofer are prefer-
entially associated with high-grade CIN disease and relatively rare
under conditions (i.e., transient hrHPV infections) with a low likeli-
hood of progression to premalignant disease.

This study has some limitations. Women were recruited at gen-
eral practitioner practices in The Netherlands. Although the target
group was women invited for population-based screening, in
practice a number of women outside the age range for population-
based cervical screening in The Netherlands (i.e., �30 or �60
years) who underwent opportunistic screening in these practices
had also been enrolled. However, data were similar when we re-
stricted our analyses to women within the screening age (data not
shown). During follow-up, exceptions to the protocol were also
encountered, resulting in a loss of samples for clinical evaluation.
Furthermore, as cytology was the selection criterion for inclusion
in the study, baseline mRNA data cannot be compared to baseline
cytological results. The statistical outcomes will therefore be
biased toward cytology, which is further emphasized by the fact
that cytology was the main decisive factor for colposcopy and
biopsy referral. Furthermore, it should be realized that the num-
ber of women with histologically confirmed absence of �CIN2
was relatively low. We therefore extended this category by includ-
ing women who had a double-negative cytology and hrHPV DNA
test result at the last follow-up visit. These women have a negligi-
ble risk of �CIN2 (8, 9, 23). Hence, it is unlikely that extension of
the absence of �CIN2 group with “double-negative” women
would have a major influence on the risk evaluation.

The collection medium used in this study has, as far as we are
aware of, not been validated for mRNA analysis by PreTect HPV-
Proofer, and only 1/10th of the specimens was available for mRNA
analysis. As a consequence, the input amount was less than what is
recommended for HPV E6/E7 mRNA analysis by PreTect HPV-
Proofer. Indeed, the observed U1A failure rate in the current study
(12.8%) was higher than what is usually seen (i.e., 3 to 5%), and
therefore, it cannot be ruled out that some of the HPV mRNA
results in this study are false negatives.

In conclusion, this study showed that a positive PreTect HPV-
Proofer reflex test confers an increased risk of �CIN2 in hrHPV
DNA-positive women, a finding that is of particular significance
for those with normal cytology. Hence, the PreTect HPV-Proofer
test may be used to select those hrHPV DNA-positive women who
are in direct need of colposcopy examination. This approach
would save these women from extra follow-up visits. However,
HPV DNA-positive women who test negative with PreTect HPV-
Proofer should still undergo follow-up examinations, since their
risk of CIN3 is too high to leave these women without follow-up
exams or treatment.

ACKNOWLEDGMENTS

We thank F. Topal for excellent technical assistance. The PreTect HPV-
Proofer reagents were kindly provided by NorChip AS.

This work was supported by a grant from the Dutch Cancer Society

TABLE 3 Adjusted 3-year risk (PPV) of �CIN2 stratified by cytology, mRNA testing, and HPV genotyping

Baseline cytology
class

Risk �CIN2 (95% CI)a by single test group at baseline for:

mRNA� mRNA� HPV16/18/31/33/45 DNA� HPV16/18/31/33/45 DNA� HPV16 DNA� HPV16 DNA�

Normal 0.20 (0.07–0.33) 0.55 (0.34–0.76) 0.08 (�0.07–0.22) 0.43 (0.28–0.58) 0.27 (0.12–0.43) 0.42 (0.22–0.63)
BMD 0.43 (0.25–0.62) 0.54 (0.32–0.75) 0.38 (0.17–0.59) 0.55 (0.36–0.73) 0.39 (0.24–0.55) 0.75 (0.48–1.02)
�BMD 0.91 (0.80–1.03) 0.90 (0.82–0.98) 0.80 (0.60–1.00) 0.93 (0.87–1.00) 0.88 (0.77–0.99) 0.93 (0.85–1.01)
a Risk estimates were corrected for lost to follow-up by means of Kaplan-Meier analysis. For these calculations, the absence of �CIN2 was defined as histology-proven CIN0/1 or a
double-negative cytology and hrHPV DNA test result at the last follow-up visit. Similar data were obtained when only women with histology-confirmed CIN0/1 were considered to
have �CIN2 (data not shown).
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